Background: Depression is a major cause of disability among children and adolescents and is associated with elevated risks for substance abuse, HIV transmission risk behavior, and suicide. Among adolescents living with HIV (ALWH), depression undermines adherence to antiretroviral treatment, leading to poorer health outcomes. However, there are few instruments available for depression screening among ALWH in sub-Saharan Africa. Methods: Using mixed methods we developed and validated a 20-item depression screening scale to be used among ALWH in rural Uganda. First, we conducted focus group discussions and in-depth interviews with adolescents and adult caregivers (n = 80) to elicit participant perspectives about mental health challenges facing HIV-affected children and adolescents. We generated an initial pool of 40 items, pilot tested it with ALWH and adolescents of unknown serostatus (n = 40), and then administered the items to a validation sample of ALWH (n = 224). Exploratory factor analysis was used to examine the factor structure of the scale. We evaluated the scale for its reliability, and validity. Results: The mean age of the participants in the validation sample was 14.9 years (standard deviation [SD] 1.4), 131 (58%) were girls and 48 (21%) were orphans. Exploratory factor analysis revealed two factors related to affective and cognitive symptoms of depression. The 20-item depression scale was internally consistent (Cronbach's alpha = 0.91) with moderate test-retest and inter-rater reliability. Construct validity was excellent, as demonstrated through correlation with related constructs like stigma (P < 0.001) and bullying (P < 0.001). At the optimized cutoff score, 64 (29%) participants screened positive for probable depression. Using the MiniInternational Neuropsychiatric Interview for Children and Adolescents, we found that 37 participants (17%) were diagnosed with major depressive disorder. In reference to the criterion standard, the depression scale showed excellent discrimination (c-statistic = 0.84). Conclusion: This new 20-item depression scale was reliable and valid for detecting major depressive disorder among ALWH in rural Uganda.
Materials and methods

Study site and participants
We conducted the study from February 2016 to March 2017 in Mbarara District of southwestern Uganda. Mbarara Town is the area's commercial hub, with a population of 195,013 (Uganda Bureau of statistics, 2014). Most district residents live in rural areas outside of Mbarara Town. Subsistence agriculture, animal husbandry, and local trading are the predominant sources of income, and both food and water insecurity are common (Tsai et al., 2011 (Tsai et al., , 2016 .
We recruited both adult women caregivers/parents and adolescent boys and girls, purposively sampling from several different sites to obtain diverse perspectives on mental health problems faced by HIVpositive and HIV-affected adolescents: a. Adult women were recruited from the Mbarara Regional Referral Hospital (MRRH) HIV Clinic and the MRRH psychiatric ward where their children were receiving care, and a rural community site (Nyakabare Parish). Although Ugandan men do participate in the rearing of children, most day-to-day care is handled by women (Kipp, Tindyebwa, Rubaale, Karamagi, & Bajenja, 2007; Russell & Seeley, 2010; Taylor, Seeley, & Kajura, 1996) , therefore only women caregivers were recruited to participate. b. Adolescent participants were only recruited from the MRRH HIV clinic and the rural community site (Ashaba et al., 2018b; CooperVince et al., 2017) . Adolescent participants were not recruited from the MRRH psychiatry ward as most would not have been able to participate fully in the focus group discussions and/or one-on-one in-depth interviews due to current/active mental health issues. All ALWH were fully aware of their seropositivity and were receiving care at the MRRH HIV clinic.
Further details about these adult women caregivers/parents, and adolescent boys and girls, are provided below.
Focus group discussions and one-on-one interviews
We conducted 5 focus group discussions. In order to elicit diverse perspectives about HIV, mental health, and adolescents, we recruited both caregivers and adolescents, people with various degrees of personal experience with HIV (HIV-positive, HIV-affected, or HIV-negative/HIV-unaffected), and people with various degrees of personal experience with mental health problems.
a. There were three adult women-only focus groups (n = 25). One adult group consisted of women recruited from the MRRH HIV clinic (n = 8) who were primary caregivers of HIV-positive children receiving care in the MRRH HIV clinic. The second adult group involved women (n = 9, serostatus unknown) who were recruited from the MRRH psychiatric ward where their children were receiving mental health care. The third adult group involved women recruited from the community site (n = 8, serostatus unknown) who were caregivers to adolescents aged 13-17 years of age. b. There were two mixed-gender, adolescent-only focus groups (n = 15) consisting of boys and girls aged 13 to 17 years. One adolescent focus group consisted of participants purposively recruited from the community (2 boys and 5 girls, serostatus unknown). The other adolescent focus group consisted of participants purposively recruited from the MRRH HIV clinic (2 boys and 6 girls, all ALWH).
We conducted 40 one-on-one, in-depth interviews with adolescent boys and girls (n = 10) and with adult women (n = 30). The 10 adolescents included 2 boys (1 from the community whose serostatus was unknown and 1 living with HIV from the MRRH HIV clinic) and 8 girls (4 from the community whose serostatus was unknown and 4 living with HIV from the MRRH HIV clinic). The 30 adult women included 5 recruited from the MRRH HIV clinic and 15 recruited from the MRRH psychiatry ward, where their children were receiving care; and 10 recruited from the community. All women were primary caregivers for children aged 13 to 17 years of age.
Focus group discussions and in-depth interviews were guided by open-ended questions eliciting participants' perspectives about major stressors facing HIV-positive and HIV-affected adolescents in the community. Open-ended questions were followed by probes to explore the social contexts and consequences of these stressors in the lives of adolescents. Focus group discussions and one-on-one, in-depth interviews were undertaken in the local language (Runyankore), audio recorded, and transcribed directly into English. Two members of the research team read the transcripts concurrently to identify themes relevant to depression.
Item selection
In developing the scale, we followed the principles described by Krause (2002) , starting with focus group discussions and one-on-one, in-depth interviews to identify constructs for potential inclusion in the intended depression scale. We identified constructs from the qualitative interviews to include in the initial item pool using the process described by Kostick, Schensul, Singh, Pelto, and Saggurti (2011) . For example, if a participant mentioned thinking too much or having too many thoughts while describing a narrative about depression or life stress, we added "having too many thoughts" as a potential scale item. Constructs identified from the qualitative data included: being desperate, loss of hope, self-hatred, weight loss, loneliness, anger, uselessness, lack of confidence, forgetfulness, having too many thoughts, lack of peace, frustration with life, feeling stressed, and suicidal thoughts. We incorporated additional items from the BDI-II (Beck, Steer, & Brown, 1996) and the HSCL (Bolton et al., 2004; Derogatis & Fitzpatrick, 2004b) based on their similarity to constructs identified in the qualitative data. From the HSCL we included the following items, fearful, fidgety, worthlessness, hopelessness, loneliness, self-blame, loss of interest in things, low energy and not caring about one's own health. From the BDI-II we included sadness, feeling like a failure, loss of pleasure, guilt, self-dislike, self-blame, crying easily, pessimism, feelings of being punished, being self-critical, agitation, change in sleeping patterns, changes in weight, and loss of interest in sex.
We then reviewed and compared items from the BDI-II and the HSCL with the new constructs (identified in the focus group discussions and one-on-one in-depth interviews) to check for conceptual overlap. Eight items generated from the qualitative data had no overlap with any of the BDI-II or HSCL items: anger, being desperate, lack of confidence, self-hatred, having too many thoughts, lack of peace, frustration with life, and feeling stressed. In case of overlap, the items that could easily be translated to the local language (Runyankore) were retained, while items that were not culturally appropriate were either dropped or adapted. For example, "loss of interest in sex" was replaced with "loss of interest in girls/boys of your age," a more age-appropriate item in this cultural context (Biddlecom, Awusabo-Asare, & Bankole, 2009 ). Similarly, "feelings of being punished" was replaced with "feelings of being punished by God," given prevailing norms about religiosity and spirituality in the local context (Mugisha, Hjelmeland, Kinyanda, & Knizek, 2013) . Altogether, the initial item pool included 40 items that covered a wide range of cognitive, affective, and somatic symptoms of depression.
Translation
The 40 items were translated into the local language (Runyankore) and reviewed by a Runyankore-speaking psychiatrist. The translation process ensured that the original meaning of the items was maintained and checked for consistency to ensure that local expressions of depressive symptoms were appropriately conveyed. Items were then backtranslated to English to verify that they were conceptually equivalent to the source (Flaherty et al., 1988) .
Expert review
The 40 items were reviewed by a team of mental health professionals, including a licensed Ugandan psychiatrist, a Ugandan counselling psychologist, and a Ugandan diploma-level psychiatric clinical officer, along with input from key Ugandan informants, all fluent in Runyankore and English. These were assisted by two international mental health experts. The review team discussed translations to ensure validity in the cultural context and reviewed items for consistency, overlap, ambiguity in relation to the local dialect, and overall meaning. When items were found to have similar meanings, the most appropriate item was retained. For example, the terms "pessimistic" and "hopeless" have a similar conceptual meaning when translated to Runyankore (okuhurira nk'oteine matsiko omu by'omumeisho), so "pessimistic" was dropped, and "hopeless" was retained. Similarly, "fidgety" and "fearful" could not be differentiated in Runyakore (okuhurira otinire), so the item "fidgety" was dropped, and "fearful" was retained. These modifications narrowed the initial item pool to 36 items.
Pilot testing
The pool of 36 items was pilot tested in a purposive sample of 35 ALWH (9 boys, 26 girls) recruited from the MRRH HIV clinic and 15 adolescents (3 boys, 12 girls) of unknown serostatus recruited from the community. Each scale item was scored on a 4-point Likert-type scale (0-3): not at all, much of the time, most of the time, all the time. The study participants' comments were recorded, and the items were rereviewed. After the pilot survey, the item about feeling stressed was dropped: the respondents found it ambiguous because it could mean either "being overwhelmed with challenges" or "thinking too much".
The remaining 35 items were retained for administration to the validation sample.
Reliability and validity testing procedures
The psychometric properties of the depression scale were evaluated using a consecutive sample of 224 ALWH aged 13-17 years recruited from the MRRH HIV clinic. We excluded adolescents who were not fully aware of their HIV status, even if they were in HIV care and/or were being administered antiretroviral medications; those who were not physically strong enough to remain present for the duration of the interview; and those who had difficulty fully understanding the interview questions due to cognitive impairments, as assessed clinically in consultation with a licensed Ugandan psychiatrist.
To evaluate inter-rater reliability of the depression scale, the first 30 participants were re-interviewed by a different research assistant within 2 h of the first administration of the survey. To determine test-retest reliability, 60 participants who lived within 5 km of the HIV clinic were requested to return within a period of 2 weeks to be re-interviewed by the same research assistant. A shorter test-retest period would have been preferable, but most clinic patients lived in rural areas and would have had difficulty returning to the clinic within a short period of time even if given a transportation reimbursement; therefore, we permitted retest participants to return to the clinic within a longer time window of 2 weeks.
To determine criterion-related validity, the criterion standard was a diagnosis of major depressive disorder consistent with the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition. Depression diagnoses were based on the Mini-International Neuropsychiatric Interview for Children and Adolescents (MINI-KID) (Hergueta, Baker, & Dunbar, 1998; Sheehan et al., 2010) . The MINI-KID has previously been adapted to obtain valid diagnoses of mental disorders in the Ugandan context (Idro et al., 2016; Kinyanda, Kizza, Abbo, Ndyanabangi, & Levin, 2013; Nalugya-Sserunjogi et al., 2016; Okello, Onen, & Musisi, 2007) and was translated into Runyankore for the purposes of our study. The MINI-KID was administered in a separate room by a diploma-level Ugandan psychiatric clinical officer who was blinded to the study participant's responses to the rest of the survey.
Data analysis
We conducted exploratory factor analysis using principal components with promax rotation to assess the factor structure of the depression scale and to potentially reduce the 35-item pool to a smaller number of items (Costello & Osborne, 2005) . Any identified factors were retained based on three criteria. First, we scrutinized factors with eigenvalues ≥ 1.0. Second, the eigenvalues were plotted in descending order to identify the scree, i.e., the portion of the graph where the slope of decreasing eigenvalues approaches zero. Third, the factor loadings were examined, and an item was assigned to a factor if its factor loading was ≥ 0.40 (Floyd & Widaman, 1995) . We measured the internal consistency of any retained factors using Cronbach's alpha.
To estimate inter-rater and test-retest reliability, we calculated the correlation between the two values using the Spearman rank correlation coefficient. To estimate construct validity, we used Spearman's rank correlation coefficient to calculate the correlation between the depression scores and two variables that have been linked with depression in numerous studies of persons with HIV: stigma and bullying (Ashaba et al., 2018a; Kim et al., 2015; Vreeman, McCoy, & Lee, 2017) . We measured HIV stigma using the Internalized AIDS-Related Stigma Scale (IARSS), a six-item scale designed to measure internalized stigma. The IARSS was developed for use among a sample of people living with HIV from the United States, South Africa and Swaziland (Kalichman et al., 2009 ) and has been validated for use in the Ugandan context (Tsai et al., 2013b) . In the present study, the internalized stigma scale also showed good reliability (Cronbach's alpha = 0.75). We measured bullying using the nine-item Social and Health Assessment Peer Victimization Scale, which elicits experiences of bullying in the past year (Ruchkin, Schwab-Stone, & Vermeiren, 2004) . The scale was adapted from the Multidimensional Peer Victimization Scale and showed excellent reliability (Cronbach's alpha = 0.82) among adolescents in the United Kingdom (Mynard & Joseph, 2000) and in studies conducted among black South African children and adolescents (Cronbach's alpha = 0.81) (Cluver et al., 2010) . In the present study, the bullying scale also showed good reliability (Cronbach's alpha = 0.81).
To estimate criterion-related validity, we compared the depression scale measurements with diagnoses of major depressive disorder per the MINI-KID. We analyzed the receiver-operator characteristic (ROC) curve to estimate sensitivity and specificity at different depression scores. We identified the optimal cut-off score as the point in the ROC curve that maximized Youden's Index, or the point on the curve farthest from chance (and which has been defined as the accuracy of a test in clinical epidemiology) (Kraemer, 1992) . All analyses were conducted in Stata version 13 (StataCorp LP, College Station, Texas).
Ethics
We interviewed participants after obtaining consent and/or assent. For adolescents who were under the care of their parents/guardians, written informed consent was obtained from the parents and assent was obtained from the adolescents. Emancipated minors, and adolescents who were responsible for managing their own HIV care per report of the HIV care provider, were permitted to provide written informed consent without involvement of their parents/guardians. Research assistants read the consent forms to the participants in Runyankore, and participants were given a chance to ask questions for clarification before consenting. Participants received 10,000 Ugandan shillings (approximately 3 U.S. dollars at the time of the study) to cover transportation costs. Research assistants received training in interviewing techniques, mental health literacy, and how to elicit sensitive information. Adolescents found to be in acute psychological distress were referred to the MRRH department of psychiatry for appropriate care. We received ethical approval for our study from the Research Ethics Committee, Mbarara University of Science and Technology; and the Partners Human Research Committee, Massachusetts General Hospital. Consistent with national guidelines, we also received clearance for the study from the Uganda National Council for Science and Technology and from the Research Secretariat in the Office of the President.
Results
The validation sample consisted of 131 (58%) girls, and the mean age was 14.9 years (standard deviation [SD], 1.4). There were 48 (21%) orphans. The mean duration on antiretroviral treatment was 8.4 years (SD, 4.4). The sociodemographic characteristics of the validation sample are summarized in Table 1 .
Exploratory factor analysis revealed one factor with an eigenvalue of 10.3 that explained 67 percent of the variance. Eleven items loaded heavily on this factor, with factor loadings ranging from 0.40 to 0.68. These items correspond to well-known affective symptoms of depression. The affective symptoms subscale was internally consistent, with a Cronbach's alpha of 0.85. The second factor had an eigenvalue of 1.0 and explained 6.5 percent of the variance. Nine items loaded heavily on this factor, with factor loadings ranging from 0.41 to 0.82. These items correspond to well-known cognitive symptoms of depression. The cognitive symptoms subscale was also internally consistent, with a Cronbach's alpha of 0.85 (Table 2 ). Visual examination of the scree plot confirmed the two-factor structure (Fig. 1) . The remaining 15 scale items did not load substantively on either of the two retained factors.
The 20-item depression scale consisting of these two factors showed excellent internal consistency, with a Cronbach's alpha of 0.91. With each item scored on a 4-point Likert-type scale (0-3), the lowest possible total score was 0 and the maximum possible total score was 60. In our sample, the range of values was 0-43. The average depression score in the validation sample was 7.8 (SD, 9.4). The level of depression symptom severity was 7.5 among boys and 8.1 among girls (t = 0.40; P = 0.69).
Among the first 30 participants who were re-interviewed by a different research assistant within 2 h of the initial survey, we estimated a statistically significant correlation between the two values (Spearman's rho = 0.85; P < 0.001). Among the 60 participants who were re-interviewed within 2 weeks, we estimated a statistically significant correlation between the two values (Spearman's rho = 0.44; P < 0.001). Depression scores were closely correlated with variables hypothesized to be correlated with depression, including stigma (Spearman's rho = 0.30; P < 0.001) and bullying (Spearman's rho = 0.40; P < 0.001), providing strong evidence of construct validity.
On the criterion standard, 37 (17%) study participants were diagnosed with major depressive disorder using the MINI-KID. Comparing the depression scale values to the MINI-KID diagnoses, the area under ROC curve was 0.84 (95% confidence interval [CI], 0.77-0.90), indicating a strong ability to discriminate between cases and non-cases (Fig. 2) . The depression score threshold that maximized Youden's Index was ≥ 10. At this cutoff point, the depression scale had a specificity of 0.81 (95% CI, 0.76-0.87) and sensitivity of 0.78 (95% CI, 0.65-0.92) for detecting major depressive disorder, with a positive likelihood ratio of 4.2, a negative likelihood ratio of 0.27, a positive predictive value of 0.45, and a negative predictive value of 0.94. Also at this cutoff point, 64 (29%) participants screened positive for probable depression.
Discussion
We developed and validated a 20-item depression scale for ALWH in rural Uganda using a mixed methods study. A two-factor structure emerged, capturing well-known affective and cognitive symptoms of depression, consistent with previous research (Grothe et al., 2005) . The study procedures provided adequate evidence of internal consistency, test-retest and inter-rater reliability, and construct and criterion-related validity. Given the paucity of research in this area, this new depression scale is one of the few validated depression scales for use among ALWH in sub Saharan Africa (Betancourt et al., 2012; Binagwaho et al., 2016; Kim, Mazenga, Devandra, Ahmed, Kazembe, & Yu, 2014b) . Strengths of this study in relation to previously published work include our use of qualitative methods to generate potential scale items, as well as our use of structured diagnostic interviews to generate standardized diagnoses of major depressive disorder to serve as the criterion standard. Of the existing scale development studies in the literature on African youth, few have assessed criterion-related validity (Betancourt et al., 2012; Binagwaho et al., 2016; Mutumba et al., 2015b) .
The psychological distress scale by Mutumba et al. (2015b) , although validated among ALWH in Uganda, is a multidimensional scale capturing depressive, anxiety, and somatic symptoms that are not all specific to depression (Derogatis & Fitzpatrick, 2004a; Mutumba et al., 2015b) . Their scale was developed and validated among ALWH in Kampala, which is more urban and is dominated by the Baganda ethnic group -in contrast to southwestern Uganda, the site of our study, which is dominated by the Banyankore ethnic group. The predominantly rural-dwelling ALWH in our study experience different challenges shaped by the environment, such as those related to subsistence agriculture and food/water insecurity, and have different social network structures that may shape their experience and expression of depression (Hove, Ngwerume, & Muchemwa, 2013; Raymond & Zolnikov, 2018) . Consistent with these arguments, an increased risk of psychological disorders has been reported among HIV-affected children and adolescents in rural settings compared to urban settings (Nabunya & Ssewamala, 2014; Nyamukapa et al., 2010) .
A significant strength of our study is the use of qualitative methods to generate items relevant to the local context instead of validating a scale developed elsewhere. This design aspect enabled us to identify expressions of depression from the local context. One of the new items, "having many thoughts" is similar to other findings from studies in central Uganda (Nakimuli-Mpungu et al., 2012; Okello & Ekblad, 2006) in which adult participants have described depression as an illness of many thoughts. Notably, "thinking too much" is an idiom of distress that has been described in many settings worldwide (Kaiser et al., 2015) . Out of the final 20 items on the new scale, six items were derived from the qualitative interviews with no overlap from existing scales. The remaining 14 items were adapted from the BDI-II and the HSCL. However, other items (e.g. changes in sleeping patterns, appetite, and/ or sexual interest) were dropped from the scale, a notable departure from studies showing that the presentation of depression among adults with HIV has a strong somatic component (Ashaba et al., 2017; Ashaba et al., 2018b; Psaros et al., 2015) . These findings contribute to existing literature showing that the presentation of depression varies across age groups and cultures (Bass et al., 2007) and underscores previous emphasis on the need to validate mental health screening scales to fit the local context before use (Betancourt et al., 2012) .
Our new 20-item scale showed adequate reliability and validity. Fig. 1 . Scree. The graph shows the eigenvalues of the identified factors, in declining order of magnitude. As is shown in the figure, the eigenvalue was largest for factor 1, followed by a steep decline for factor 2. Fig. 2 . Receiver operating characteristic curve. The graph shows the diagnostic ability of the depression scale as the discrimination threshold is varied. The point on the graph that maximizes the sum of sensitivity and specificity (Youden's Index) corresponds to a total depression score threshold of ≥ 10.
Internal consistency was excellent, as indicated by the Cronbach's alpha of 0.91 (see Supplementary appendix). Evidence of test-retest and interrater reliability was obtained by strong correlations of scale values obtained by different raters and by the same raters at different time points. Scale values correlated strongly with other constructs hypothesized to be related to depression among ALWH, including stigma (Cluver et al., 2008; Mutumba et al., 2015a; Tsai et al., 2013a; Tsai et al., 2012) and bullying (Boyes, Bowes, Cluver, Ward, & Badcock, 2014; Boyes & Cluver, 2015; Cluver et al., 2010; Pantelic, Boyes, Cluver, & Meinck, 2017) , thereby providing evidence of construct validity. We did not assess discriminant validity, as was done by Mutumba et al. (2015b) , who correlated their psychological distress scale with several measures of happiness and general wellbeing. Finally, in an advance on most studies in this literature, we were able to estimate criterion-related validity by comparing the scale values to a criterion standard. Consistent with the meta-analysis of Tsai (2014) , the prevalence of probable depression screens exceeded the prevalence of major depressive disorder by a factor of two. Several limitations should be taken into consideration when interpreting our results. First, the scale was validated using a consecutive sample of ALWH attending a single HIV clinic in rural Uganda. Our findings may not necessarily generalize to ALWH in other HIV clinics throughout Uganda. However, the MRRH HIV clinic has a wide catchment area that spans southwestern Uganda and includes parts of Rwanda and the Democratic Republic of the Congo. We do not claim that our findings generalize to ALWH in these other countries, but the wide catchment area of the MRRH HIV clinic does speak to the fact that our findings likely generalize beyond the narrow geographic scope of Mbarara. Secondly, although we did elicit perspectives from adolescents and caregivers of unknown serostatus, the validation sample consisted only of ALWH. Thus, the scale may not be suitable for use among adolescents in the general population.
Conclusion
We have developed and validated a 20-item depression scale for ALWH in Uganda with good psychometric properties. The items in the scale represent well known affective and cognitive symptoms of depression. As such, it may provide opportunities for accurately screening for depressive symptoms among ALWH, potentially improving mental health, HIV treatment adherence, and health outcomes.
